The synthesis and the stereochemistry of new 1,3,5-tris(1,3-dioxan-2-yl)-benzene derivatives are reported. The anancomeric structure and the axial orientation of the aryl group with respect to all 1,3-dioxane rings, and the cis-trans isomerism of some of the compounds are revealed. The data are supported by NMR investigations and by the molecular structure of one compound determined by single crystal X-ray diffractometry.
Introduction
The synthesis and the investigations on the stereochemistry of some 2-aryl-1,3-dioxane derivatives bearing two 1,3-dioxane rings connected to the same aromatic group (Scheme 1) were previously reported [1] [2] [3] [4] [5] [6] .
Scheme 1 General formulae of the investigated bis(1,3-dioxan-2-yl)arene derivatives.
The NMR experiments revealed the anancomeric behaviour of the compounds. The aromatic group prefers the equatorial orientation for both saturated heterocycles if this group is the unique substituent at the position 2 of the 1,3-dioxane rings, while the aromatic group shows an axial preference for both 1,3-dioxane rings in the compounds which exhibit aryl and methyl groups at the ketal part of the heterocycles (scheme 1). These results are supported by the thermodynamic data reported for 2-aryl-and 2-aryl,2-methyl-1,3-dioxanes. The A values (A = free conformational enthalpy [7] ) of aryl groups located in the acetal part of the 1,3-dioxane ring are high (e.g. A P h = 13.04 kJ/mol [8] ) and 2-aryl-1,3-dioxanes are anancomeric compounds. They show high preference for the conformer presenting the aromatic group (R 1 = aryl, R 2 = H, Scheme 2) in equatorial orientation [1-3, 9, 10] . At position 2 of the 1,3-dioxane ring the A-value of methyl group (A Me = 16.63 kJ/mol [8] ) is higher than the A-value of phenyl group and the thermodynamic measurements [11] showed that the equatorial preference of methyl group in 2-methyl-2-phenyl-1,3-dioxanes is three times higher than expected by the simple addition of the A values of the two substituents (ΔG o exp = 10.11 kJ/mol; A Me -A P h = 3.63 kJ/mol) and the conformational equilibrium of the corresponding 2,2-disubstituted-1,3-dioxanes (R 1 = CH 3 , R 2 = aryl, Scheme 2) is strongly shifted towards the conformer exhibiting the aryl group in axial position [4, 6, 12] .
Scheme 2
Conformational equilibria for 2-aryl-1,3-dioxane (R 1 = Ar, R 2 =H) and 2-aryl,
Derivatives with two 1,3-dioxane rings connected to the same aromatic ring were successfully used for the synthesis of macrocyclic cyclophanes [13, 14] . In order to obtain versatile substrates for the synthesis of new "host" molecules (1,3,5-cyclophanes) we considered it of interest to carry out the synthesis, and investigate the stereochemistry and the preorganization [15] for macrocyclisation of derivatives bearing three 1,3-dioxane rings connected to the same aromatic substrate.
Results and discussion
New 1,3-dioxane derivatives (3) (4) (5) (6) were obtained by the condensation of 1,3,5-triacetylbenzene 1 and of its α,α',α"-tribenzoate derivative 2 with several 1,3-propanediols (Scheme 3).
Scheme 3 Synthesis of compds 3-6.
High yield of the tribrominated derivative 7 was obtained by the bromination reaction of compound 3 using the usual procedure for the bromination of cyclic acetals (Scheme 4) [16, 17] .
Scheme 4 Synthesis of compd 7.
Compound 7 was reacted with C 6 H 5 COONa in order to obtain the corresponding triester 6. All the attempts to run this reaction failed and we believe that the substitution reaction of the bromine atoms could not be carried out because the steric hindrance in 7 is very high. In order to obtain 6 the synthesis of 2 was done starting from triacetylbenzene in a two steps sequence (Scheme 5). Then 2 was condensed with neopentylglycol to give the tri-1,3-dioxane-triester 6 (Scheme 3).
Compound 6 was deprotected in good yields to triol 8 (Scheme 6)
The structure of 3-8 was investigated by NMR methods and by the single crystal X ray molecular structure of compound 3. The molecular structure of 3 ( Figure 1) shows the NMR investigations revealed the anancomeric structure of the heterocycles and the similar magnetic environments for the three 1,3-dioxane rings of compounds 3,4 and 6-8 (as a consequence their NMR spectra exhibit only one set of signals for the protons of the heterocycles). Due to the anancomeric behaviour of the compounds the 1 H NMR spectra exhibit different signals for the axial and equatorial protons of the heterocycles and for the protons of the corresponding axial and equatorial groups located at positions 5', 5" and 5"' ( Table 1 ). The signal corresponding to the aromatic protons is a singlet and proves the equivalence in NMR of the three 1,3-dioxane rings. The NOESY spectrum ( Figure 2) run with 4 shows important correlation between the singlet (δ = 7.42 ppm) belonging to the aromatic protons and the doublet (δ = 3.60 ppm) pertaining to the axial protons of the 1,3-dioxane rings. The other doublet (δ = 3.87 ppm) given by the equatorial protons of the heterocycles does not show correlations with the aromatic protons. The NOESY spectrum confirms the axial orientation of the aromatic ring for all the 1,3-dioxane rings in solution, too. Compound 5 exhibits a peculiar stereochemistry. The different substituents located at positions 5' (5" and 5"') generate cis and trans isomers. The reference groups are the aromatic substituent at positions 2' (2" and 2"') and the ethyl groups at positions 5', 5" and 5"'. Four configuration isomers are possible: cis-cis-cis (I); cis-cis-trans (II); cis-trans-trans (III) and trans-trans-trans (IV) (Scheme 7). The A-values of methyl and ethyl substituents at position 5 of the 1,3-dioxane ring are very close (A Me = 3.7 kJ/mol [10] ; A Et = 3.3 kJ/mol [10] ), while the aromatic substituent in the ketal part (positions 2', 2", 2"') strongly prefers the axial orientation. The isomers of 5 exhibit anancomeric structures (as the NMR spectrum of the row product shows) with axial orientation of the aromatic group and with statistically equal axial and equatorial orientations of the methyl and ethyl groups at positions 5', 5" and 5"'. Thus, the four isomers are obtained statistically and cis-cis-trans (II) and cis-trans-trans (III) isomers are the major ones (approximate ratios I/II/III/IV = 1/3/3/1). After repeated crystallization from methanol the cis-trans-trans isomer could be isolated as single compound.
Scheme 7 Configurational isomers for compd 5.
The NMR spectrum of compound 5 confirms its structure. The aromatic protons give a triplet and a doublet (1/2; overlapped; δ a = 7.44, δ b,c = 7.45 ppm; Figure 3 ). The 1,3-dioxane rings are differentiated by the axial (ring A, major) or equatorial (ring B, minor) orientations of the ethyl groups at positions 5', 5" and 5"'. The axial and equatorial protons of each type of 1,3-dioxane ring produce two doublets (A: δ = 3.53, 3.32 ppm; B: δ = 3.44, 3.38 ppm) in the 1 H NMR spectrum while the signals of the methyl groups at positions 2', 2" and 2"' are very close singlets (A: δ = 1.54 ppm; B: δ = 1.56 ppm). The major differentiations are observed for the signals of the substituents at positions 5', 5" and 5"'. At these positions, the protons of the axial groups are considerably more deshielded than those of the similar groups with equatorial orientation. Thus, the protons of the axial methyl group (ring B; δ = 1.24 ppm) are more deshielded with 0.74 ppm than the protons of the similar equatorial group (ring A; δ = 0.50 ppm). The differences 
Experimental part

General
1 H and 13 C-NMR spectra were recorded at room temperature using CDCl 3 as solvent in 5 mm tubes on Bruker AM 300 spectrometer operating at 300 MHz for protons and 75 MHz for carbon atoms. Melting points were determined with a Kleinfeld apparatus and are uncorrected. Elemental analyses were obtained at the University of Rouen. Thinlayer chromatography was performed on Merck 60F 254 silicagel sheets. Merck silicagel (40-63 μm) was used for flash chromatography. FAB spectra were obtained on a JEOL JMS AX-500 spectrometer under usual conditions. CI-MS spectra were recorded on a Shimadzu GC-MS QP-2010 spectrometer.
X-Ray Crystallographic Study
Crystal data and data-collection information for compound 3 are summarized in Crystallography (1992) [22] were used and the Ortep view was realized with PLATON98 (Spek, 1998) [23] .
The structural data were deposited at the Cambridge Crystallographic Data Center with the number CCDC 600990
1,3,5-tris(2'-benzoyloxy-acetyl)benzene (2)
1,3,5-tris(2'-bromoacetyl)benzene (2.26 mmol, 1g) in acetone (50 ml) was added to sodium benzoate (7.48 mmol, 1.07 g) in 100 ml acetone. The mixture was stirred and heated to reflux for 7 h. The product formation was monitored by TLC. The solvent was distilled off, and the residue was extracted with dichloromethane. The dichloromethane layer was washed three times with water (50 ml). The organic layer was dried over MgSO 4 and the solvent was removed to obtain the crude product. The crude product was purified by crystallization from petroleum ether. Solid, white crystals, m.p. 188-189
• C yield 72%. General procedure for synthesis of compounds 3-6 30 mmol of 1,3-diol and 5 mmol of 1,3,5-triacetylbenzene together with catalytic amounts of p-toluenesulfonic acid (0.1 g) were dissolved in 100 ml toluene. The mixture was refluxed and the water that was formed was removed using a Dean-Stark trap. When 80% of the theoretical amount of water had been separated, the catalyst was neutralized with CH 3 COONa powder in excess (0.2 g) by stirring over 0.5 h. The reaction mixture was washed twice with 50 ml water. The organic layer was dried over Na 2 SO 4 then the toluene was removed under reduced pressure and the 1,3-dioxane derivatives were purified by crystallization. 
cis-1,trans-3,trans-5-tris[5(r)-ethyl-2,5-dimethyl-1,3-dioxan-2-yl]benzene (5)
Solid, white crystals, m.p. 123 o C yield 13%, crystallized from methanol, Found: C 71.24, H 9.66%; Calc. for C 30 H 48 O 6 C:71.42, H:9.52% 1 H NMR (300 MHz, CDCl 3 ) δ H ppm: 0.50 (s, 6H, 5"-CH 3eq , 5"'-CH 3eq ), 0.70 (t, 3H, 3 .53 (d, 4H, 4"-H eq , 6"-H eq , 4"'-H eq , 6"'-H eq , J =11.1Hz), 7.44-7.45 (overlapped peaks, 3H, 2-H, 4-H, 6-H) 13 1,3-Dioxane derivative 3 (2.1 mmol, 1 g) and dry dichloromethane (40 ml) were introduced into a three-necked flask equipped with a reflux condenser, a thermometer and a dropping funnel and the mixture was cooled into an ice bath at 0-5 • C. Bromine (13 mmol, 2.08 g) in 10 ml dry dichloromethane was added dropwise, under magnetically stirring, the ensuing reaction being monitored initially by the fading of the solution color. After the addition of bromine, the ice bath was removed and stirring was continued for 1h, the contents of the flask being allowed to reach room temperature (20- LiOH (10 mg, 0.43 mmol) was added to a solution of 6 (0.06 g, 0.07 mmol) in THF (15 ml), MeOH (3 ml) and water (1 ml) at 0 • C, the mixture having been stirred at this temperature for 2 days. After adding water (50 ml) and diethyl ether (150 ml), the organic layer was separated and the aqueous phase was extracted with diethyl ether (2 X 50 ml). The combined organic extracts were dried over MgSO 4 and the solvent was removed in vacuo. The crude product was purified by crystallisation from acetone. 
Conclusions
The synthesis of several 1,3,5-tris(1,3-dioxan-2-yl)benzene derivatives were performed by the ketalization reactions or by further transformations of the derivatives with this skeleton. The compounds exhibit anancomeric structures with axial orientation of the aromatic substituent for all 1,3-dioxane rings. Importantly, the tribrominated derivative 6 showed resistance to nucleophilic substitution, while the triol 8 was transformed into an efficient nucleophilic reagent useful for the synthesis of 1,3,5-cyclophanes.
